activity 6 . Similarly, nuclear variation is lower in fragmented populations relative to undisturbed populations 7 . These 26 single time-point analyses suggest that genetic variation may have been lost from many populations and is likely in 27 global decline. However, single time-point analysis cannot disentangle contemporary declines in variation from 28
historically low values caused (for example) by ancient population crashes, colonization dynamics, or species-29 specific traits and histories 8, 9 . Assessment of global declines in within-population genetic diversity requires cross-30 generational genetic comparisons of the same population, ideally over long periods of time. Many such cross-31 generational studies have been performed, yet the resulting data have not been synthesised into a global estimate of 32 the direction and magnitude of changes in genetic variation. Here we analysed temporally repeated measures of 33 population genetic variation that were at least one organismal generation apart. We examined 5180 peer-reviewed 34 publications and identified 76 publications on 69 species that met our criteria. These studies spanned a mean of 26 35 (±35 standard deviation) generations. Historical time points, defined as the age of the oldest samples, were made 36 possible through archival specimens. These began towards the end of the industrial revolution (~1840), with the 37 earliest sample from 1829, though the average historical sample was from 1942. Modern samples were defined as 38 the youngest samples, and the average sample was from 2004. We compared estimates of genetic variation, namely 39 heterozygosity and allelic diversity, across time points to assess the magnitude of genetic variation decline. We also 40 examined factors associated with the direction and magnitude of changes observed. 41 We documented an average 6% (±20%) global decrease in mean expected heterozygosity (defined as the 42 number of heterozygotes expected under Hardy-Weinberg equilibrium given the allele frequencies 10 ; t=2.62, mean 43 of differences=0.026, 95% confidence interval (CI) =0.006-0.046, df=63, p=0.011, paired t-test). A nearly identical 44 decrease of 6% (±19%) was seen for mean allelic diversity (metrics used described in methods; t=2.59, mean of 45 differences=0.058, CI=0.013-0.103, df=67, p=0.012, paired t-test,). In contrast to expected heterozygosity and allelic 46 richness, observed heterozygosity did not decline significantly (t=-0.48, mean of differences=-0.006, CI=-0.029-47 would be a notable exception 17 ). Estimates of variation for historical time points in the 1800s are therefore likely 82 pre-decline and perhaps more representative of historical levels, whereas estimates are likely mid-decline for 83 historical time points in the 1950s, when rare variation may have already been lost. These effects are likely driving 84 the trend of reduced genetic diversity loss with younger historical samples (Fig. 1) . Furthermore, the gains in 85 expected heterozygosity after the 1950s could be due to immigration and fish stocking efforts (where populations 86 are supplemented with captive-reared individuals), given that 13 of the 17 studies that invoke these processes have 87 historical time points after 1950. Multi-time point comparisons of the same populations, ideally using ancient DNA 88 to obtain estimates from before the 1700s, are needed to confirm when declines began and to estimate the total loss 89 of genetic variation. 90
Post-industrial revolution human disturbances, such as land use change and habitat fragmentation, are not 91 distributed equally across the globe and are particularly severe within Western Europe and South East Asia 16 . 92
Furthermore population declines since the 1970s are 30% higher in neotropical regions relative to the global 93 average 18 . We therefore hypothesized that the geographic region of a study might influence the observed loss of 94 genetic diversity and regions of extreme change may have suffered more severe variation loss. Comparisons among 95 continents was the finest regional scale possible for our analysis due to the limited number of studies, and continent 96 did have a significant effect on temporal changes in expected heterozygosity (Fig. 2, F=3 .7, df=6, p=0.0044, 97 generalized additive model). Although present in the final model for temporal changes in allelic richness, pairwise 98 comparisons between continents were all non-significant. Greater losses of expected heterozygosity were observed 99 in Africa (z=-3.9, p=0.002, Tukey test) and North America (z=-3.2, p=0.018, Tukey test), both relative to South 100 America (Table S1 ). Previous studies have found areas of above average genetic diversity within Africa 6 ; however, 101 a greater diversity loss does not appear to be due simply to a higher starting point (i.e. an initial excess of rare 102 variation). Instead, losses in Africa are mostly driven by the severe loss of variation on islands (Mauritius and the 103 are higher on islands 19, 20 . Together, these human influences are likely fuelling higher rates of fragmentation, 110 population declines and genetic drift, which are ultimately leading to the higher loss in expected heterozygosity. 111
Islands are hotspots of endemism 21 and this severe genetic decline will disproportionally elevate the risk of global 112 species loss, adding to the danger of a biodiversity extinction crisis if left unmitigated. 113
Genotyping and sequencing efforts were globally unequal among the studies we examined, with a strong 114 bias toward North America and Europe: 64% (n=57) of species in the dataset were from those two continents. The 115 other continents were represented by a mean of only six studies. This regional bias is more extreme than for 116 mitochondrial haplotype diversity estimates 2 . The geographical bias in sampling can be attributed to the rarity of 117 historical samples, as well as the cost and specialist knowledge needed to sequence historical samples 12 . 118
Unfortunately, the small number of studies on many continents could be biasing the trends we observed, making the 119 conclusions we draw only provisional. South America, for example, showed an 8% gain in expected heterozygosity, 120 but only two independent studies of five bird species were found for the region based on our search criteria. If South 121
America is removed, continent continues to have a significant effect on expected heterozygosity in our model 122 (F=2.9, df=5, p=0.024 generalized additive model), but pairwise comparisons show no significant differences across 123 continents (Table S2 ). Immediate effort is needed to rectify the global inequality in temporal studies to better reveal 124 the various factors influencing genetic diversity changes. To ensure cross-compatibility, future studies should ensure 125 that the classical metrics of genetic variation (expected and observed heterozygosity, allelic diversity) continue to be 126 reported, alongside generation times and population size estimates. 127
The dataset was also taxonomically biased. For instance, commercially important fish from the class 128 Actinopterygii comprised 32% of our studies. Unsurprisingly, mammals and birds were also well-represented, 129 encompassing 14% and 24% of studies, respectively. Worryingly, few studies on insects (n=11) or amphibians (n=3) 130 and no studies on reptiles were found. A strong taxonomic skew towards commercially important fish, where 131 stocking has been used over the last century, could be biasing the observed trends in genetic diversity. Thus, we also 132 compared variation trends averaged across taxonomic classes. The previously identified trends remained reasonably 133 stable: expected heterozygosity declined significantly by an average of 4% (Fig. 3, t=2 .51, CI=0.001-0.041, mean of 134 differences=0.021, df=6, p=0.045 paired t-test) and allelic diversity declined, though non-significantly (t=0.80, CI -135 0.062-0.13, mean of differences= 0.032, df=7, p=0.449, paired t-test). As expected due to stocking activities, fish6 showed a smaller loss of genetic variation than other species. We recommend that the taxonomic gaps be addressed, 137
given the importance of understanding diversity trends in, for instance, crop pollinators and non-agricultural plants. 138 Importantly, each category of IUCN Red List of Threated Species 22 was well represented across the studies 139 (Table S3) : 58% of studies were on species of least concern, meaning that the observed declines were not driven by 140 research bias towards critically endangered species. Therefore, a decline in diversity is occurring even for species of 141 low conservation concern. We must further stress that our requirement for modern samples (to compare diversity 142 change through time) forced exclusion of extinct species, and thus the species that have undergone the most severe 143 population declines. Conservative estimates suggest extinction rates are now 100 times the historical base-line rate 23 . 144
Hence, the true total loss of genetic variation will be much greater than estimated, and a 6% decline should be 145 viewed as conservative. Tables S1-S3 197 
Synthesis design
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We searched Google Scholar (20/02/2018-24/05/2018) for peer-reviewed publications that repeatedly sampled 249 nuclear variation in the same population at least one generation apart. Key words used were "museum sequencing", 250 "genetic diversity time", "ancient DNA", "temporal diversity genetics", "historic specimens", "museum specimens", 251 "museum specimens genomics", "temporal genetic dynamics", and "ghost alleles. and one with candidate genes. Seventy-six studies spanned more than one generation. The remaining 13 studies 258 either were too short (less than one generation) or generation time estimates were unavailable. 259
We estimated the mean genetic variation metrics for each of the two time points, henceforth "historic" and 260 "modern". Limiting the analysis to two values was necessary as many publications only had two time points. 261
Populations in each study that were sampled in both the historic and modern time points were included in the 262 analysis as an average per time point. Exceptions were made when population information was unavailable, in such 263 cases values were often reported in the publications as means across all samples/populations for each time point. 264
When populations from the historic time point went extinct before modern samples were taken, we included these 265 extinct population's samples in the historic time point. We recorded the length of time separating the oldest and 266 newest sample in generations, as well as the start date of the study. If multiple time points were reported, we took 267 the two furthest apart. If multiple estimates of generation time were given for one species, we used the median. If no 268 generation time was given in the study reporting the genetic estimates, we used estimates for the same species from 269 peer-reviewed literature. To account for potential research bias towards bottlenecked or inbred species, which would 270 inflate estimates of diversity loss, we recorded whether the paper discussed if the time series began before or after a 271 major population crash (hereafter bottleneck status), and IUCN Red List of Threated Species species status. When 272 the IUCN ranking contradicted the study's description, we deferred to the status in the paper. We also recorded the 273 mean census population size in each time point, as well as the minimum number of genetic markers used. However,because population size estimates were reported in only 33 studies, this explanatory variable was excluded from our 275 analysis. Furthermore, because genetic variation is more closely related to effective population size and not census 276 size 10 , census size is unlikely to have an association with genetic variation. Unfortunately, effective population sizes 277 were impossible to include due to huge confidence intervals on estimates or the use of multiple estimation methods, 278 each giving a very different value. The country and continent of the study were recorded to test for geographic bias. 279
Finally, to check for a bias in taxonomic representation and examine if declines were unequal across taxa, we 280 recorded the taxonomic class of each species. 281
282
Statistical Analysis
283
Assessing temporal trends in diversity 284
All analyses were conducted in R (v.3.5.0) 24 . All tests were two-sided. Paired t-tests were used to test for loss of 285 genetic variation. Pairs consisted of the modern and historic time point values for each species in each independent 286 study. Paired analyses were necessary because each marker set likely has different ascertainment biases and study-287 specific variables. Values compared were means across markers, because values for each genetic marker were often 288 not reported. Due to multiple diversity metrics, we standardized values of allelic diversity only (allelic richness, 289 number of alleles, , or F H ) by dividing both the historic and modern values by the historic value. This was not 290 necessary for heterozygosity estimates because they were always reported as expected or observed heterozygosity. 291
We tested if the mean observed or expected heterozygosity and allelic diversity differed between time points. Five 292 species were present in multiple studies (n=13). These values were not initially excluded and were treated 293 independently because the studies are independent and the populations were different evolutionary significant units. 294
However, to control for potential bias due to unequal taxonomic representation, an additional test on average values 295 per taxonomic class was conducted to control for non-independence of data. 296
297
Factors affecting temporal trends 298
We examined factors potentially influencing the change observed between time points in expected heterozygosity 299 and allelic diversity. This was calculated by subtracting modern time point values from historic, and dividing the 300 difference by the historic time point value. Because different allelic diversity metrics cannot be combined in this 301 analysis, as it will lead to huge variation depending on the metric used, we constrained the analysis on allelicdiversity to measures of allelic richness. The change between time points for each species was the response variable. 303
The number of genetic markers, whether the time series began before or after a major population crash, taxonomic 304 class of each species, continent, age of the oldest sample, and number of generations between time points were 305 included as explanatory variables in a single model. Continent refers to the region on which or near which the focal 306 populations are found. Due to its distance from any continental landmasses, Hawaii was considered independently. 307
The full model contained all listed variables and no interactions because balanced replication was not present across 308 the factors. Model selection was performed using the Akaike Information Criterion or AIC. Variables not discussed 309 in the main text were not in the final model. An extreme outlier was removed from the analysis on allelic richness 310 because this study described over 100 alleles at fewer than ten microsatellite loci 25 , suggesting technical errors may 311 be present. The final model for expected heterozygosity included continent and age of the oldest sample; however, 312 the relationship between change in expected heterozygosity and age of the oldest sample appeared non-linear. 
